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I n t r o d u c t i o n  

This work was under taken t o  a s c e r t a i n  t h e  a b i l i t y  o f  Energy D ispe rs i ve  X-ray 
Fluoresence (EDXRF) a n a l y s i s  t o  determine t r a c e  element con ten t  o f  Solvent  Refined 
Coal (SRC). 
t o r s  fo r  X-ray Fluoresence i t  is now poss ib le  t o  do ve ry  r a p i d  simultaneous quan- 
t i t a t i v e  a n a l y s i s  of a l a r g e  number o f  elements. 
a r e  q u a n t i t a t i v e l y  analyzed i n  bo th  raw feed coal  and product  SRC from t h e  Wilson- 
v i l l e  SRC P i l o t  P lant ,  W i l s o n v i l l e ,  Alabama. 

severa l  reasons: C e r t a i n  meta ls ,  p a r t i c u l a r l y  i r o n ,  ca ta l yze  t h e  hydrogenation and 
h y d r o d e s u l f u r i z a t i o n  r e a c t i o n s  t h a t  occur i n  t h e  SRC process. 
i s  t o  be used t o  f i r e  a gas t u r b i n e ,  then t r a c e  me ta l s  such as Ca, Na, and V present  
p o t e n t i a l  co r ros ion  o r  f o u l i n g  problems. When t h e  feed coal  has a h igh  oxygen and 
a l ow  s u l f u r  content ,  a s u b s t a n t i a l  p o r t i o n  o f  western, sub-bituminous coa l ,  f o r  
example, has a l ow  s u l f u r  (-0.7%) and a h i g h  oxygen (-17%) content ,  t r a c e  meta ls  
such as Ca r e a c t  w i t h  CO2 formed i n  t h e  SRC d i s s o l v e r  and tend t o  c o l l e c t  i n  t h e  
d i s s o l v e r ,  e v e n t u a l l y  r e s u l t i n g  i n  p lugg ing  problems. 
SRC product present  p o t e n t i a l  environmental problems. A lso,  meta ls  such as Fe and 
A1 a r e  present  i n  s u f f i c i e n t  q u a n t i t y  i n  t h e  feed coa l  t h a t  t h e  SRC minera l  r e s i d u e  
represents  an a t t r a c t i v e  source o f  these meta ls  when c u r r e n t  sources have been 
depl  eted. 

Analys is  o f  t r a c e  elements i n  coa l  has been t h e  sub jec t  o f  many e a r l i e r  papers 
(1,2,3). I n  f a c t ,  a n a l y t i c a l  methods, s p e c i f i c a l l y ,  atomic absorpt ion,  (4,5) have 
been presented f o r  de te rm in ing  t h e  con ten t  o f  t r a c e  meta ls  i n  c lean  coal  products 
such as SRC product .  However, because o f  t h e  l a r g e  number o f  analyses requ i red  t o  
ma in ta in  reasonable q u a l i t y  c o n t r o l  o f  SRC product ,  e t c . ,  a l t e r n a t i v e  methods t h a t  
a r e  h o p e f u l l y  more r a p i d  and l e s s  expensive than  those c u r r e n t l y  a v a i l a b l e  a r e  
needed. A p p l i c a t i o n  o f  EDXRF t o  perform assays o f  feed coals  and SRC products i s  
a t t r a ' c t i v e  because i t  a l l o w s  simultaneous a n a l y s i s  o f  t r a c e  elements found i n  feed 
coa ls  and SRC p roduc ts .  Th i s  work demonstrates t h a t  EDXRF i s  an e f f e c t i v e  method 
f o r  determin ing the  con ten t  o f  t r a c e  metals i n  coal and coa l -de r i ved  products .  

As a r e s u l t  o f  r e c e n t  improvements i n  t h e  des ign o f  s o l i d  s t a t e  detec-  

I n  t h i s  work some 17 elements 

The con ten t  o f  t r a c e  meta ls  i n  SRC product  and i n  feed coa l  i s  impor tant  f o r  

I f  t h e  SRC product  

Trace me ta l s  such as As i n  

Experimental 

Equipment 

Corporation, Burl ingame, Ca. 94010) c o n s i s t i n g  o f  a 0810A X-ray Subsystem, 5100C 
analyzer, 5100 X-ray Spectrometer Rigaku G i g e r f l e x  3kW X-ray generator ,  (60 kV and 
180 ma) D i g i t a l  E l e c t r o n i c s  Corporat ion PDP 11/03 Computer' w i t h  R X O l  dual  f l oppy  
d i s k  bu l k  s torage.  The system uses a h igh  power X-ray tube  (Ag t a r g e t )  t o  produce 
x-rays froma s e r i e s  o f  s e l e c t a b l e  secondary t a r g e t s  (Ti, Ge, Mo, and Sn). The 
spectrometer uses a s o l i d  s t a t e  d e t e c t o r  o f  30 mm2 a c t i v e  area t h a t  has r e s o l u t i o n  
o f  <165eV @ 1KHz. 

Atomic Absorp t i on  experiments f o r  i r o n  were done on a Perkin-Elmer Model 305A 
Atomic Absorpt ion spectrophotometer (Perkin-Elmer Corporat ion,  Norwal k, Connect icut  
06856) us ing an  a c e t y l e n e l a i r  f lame and a wavelength s e t t i n g  o f  249 nm. 
determinat ions were made us ing  a Leco model 521-500 s u l f u r  ana lyze r  s p e c i a l l y  f i t t e d  
fo r  low l e v e l  s u l f u r  d e t e c t i o n  (Laboratory  Equipment Corporat ion,  S t .  Joseph, M ich i -  
gan 49085). 

A l l  EDXRF analyses were done on a Kevex 0810RW X-ray Fluoresence System (Kevex 
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Procedure 

t h e  e n t i r e  sample passed through a 325 mesh screen. 
i n  a vacuum oven a t  105OC f o r  a t  l e a s t  3 hours. 
p e l l e t s  were made 

form Leco s u l f u r ,  C, H and N, and Atomic Absorpt ion analyses. 

and adap ta t i on  o f  t h e  s h e l l  EXACT ( 6 )  program. 
mental parametr ic  method which accounts f o r  m a t r i x  i n t e r a c t i o n s  due t o  abso rp t i on  
and enhancement f o r  a l l  t he  elements i n  t h e  sample. The EXACT model i s  b a s i c a l l y  
s i m i l a r  t o  models presented by Sherman (7) ,  Shi ra iwa (8)  and C r i s s  and B i r k s  ( 9 )  
w i t h  s i m p l i f i c a t i o n s .  

Resul ts  
Table 1 g i ves  a comparison between EDXRF and two methods, Atomic Absorp t i on  

(AA) and Leco, commonly used i n  t h i s  l a b o r a t o r y  f o r  a n a l y s i s  o f  i r o n  and s u l f u r ,  
respec t i ve l y .  A t  t h e  bottom o f  Table 1 a r e  analyses f o r  t h r e e  standards ( C e r t i f i e d  
Atomic Absorpt ion Standard, 1000 ppm i r o n ,  F i she r  S c i e n t i f i c ,  FairLawn, New Jersey 
07410; C a l i b r a t i o n  Standard no. 764-547 (2.02 + 0.03% S )  and C a l i b r a t i o n  Standard 
no. 764-545 (0.31 0.02% S )  LECO Corpo ra t i on ,3000  Lakeview, S t .  Joseph, Mich igan 
49085). 
t i o n  and LECO a n a l y s i s .  
dards ana lys i s .  

t e d  smal ler  amounts o f  t h e  17 elements analyzed f o r  were detected i n  t h e  SRC pro-  
ducts  than i n  t h e  r e s p e c t i v e  feed coa ls .  

va r ious  coa ls  and SRC's. 
t i o n  between ash con ten t  o f  mo is tu re  f r e e  coal  and cumulat ive weight  percent  o f  15 
elements (S i ,  C1, K, Ca, T i ,  V, C r ,  Mn, Fe, Ni, Cu, Zn, As, Br, and S r )  as d e t e r -  
mined by EDXRF. 
f a c t o r  ( r )  o f  0.92 a t  t h e  95% conf idence l e v e l .  An r value o f  0.92 i n d i c a t e s  a 
reasonable f i t  was obta ined and t h a t  t h e  r e s u l t i n g  c o r r e l a t i o n  can be used t o  
compute t h e  approximate percent  ash i n  feed coa ls .  Most impor tan t l y ,  these da ta  
demonstrate t h a t  t h e  ash content  o f  a feed coal  can be approximated v e r y  r a p i d l y  i n  
t h i s  manner. 
t i o n s h i p  i s  a l s o  t r u e  f o r  SRC product .  

Approximately 10 g. samples o f  a l l  coa ls  and SRC's were f i r s t  ground SO t h a t  
The samples were then  d r i e d  

From these samples 1.25 i n c h  
s i n g  a b o r i c  a c i d  back ing and were analyzed by EDXRF under a 

vacuum o f  5 x 10- I t o r r .  Also, f r a c t i o n s  o f  t h e  same samples were used t o  per-  

The raw EDXRF data were analyzed us ing  t h e  Kevex m a t r i x  c o r r e c t i o n  program, 
The EXACT program employs a funda- 

These standards were purchased f o r  use i n  c a l i b r a t i o n  o f  atomic absorp- 
I n  a l l  cases EDXRF gave t h e  bes t  accuracy f o r  t h e  s tan-  

Table 2 g i ves  t h e  EDXRF elemental analyses f o r  12 coa ls  and SRC's. 

L i t t l e  would a c t u a l l y  be gained by an element by element comparison o f  t h e  

As expec- 

On t h e  o t h e r  hand, F igu re  1 g ives an i n t e r e s t i n g  c o r r e l a -  

Least  Squares a n a l y s i s  o f  t h e  data gave a s t r a i g h t  l i n e  c o r r e l a t i o n  

A t  t h i s  t ime  experiments a r e  i n  progress t o  show t h a t  t h e  same r e l a -  

Summary and Conclusion 
I t has been shown t h a t  EDXRF i s  capable o f  ana lyz ing  coa ls  and SRC's f o r  e l e -  

mental content .  These analyses p rov ide  simultaneous r e s u l t s  f o r  severa l  impor tan t  
elements, namely s u l f u r ,  i r o n  and calcium, as we l l  as percent  ash, 
p resen t l y  t ake  w e l l  over  2 hours per sample t o  complete, b u t  by us ing  EDXRF t h i s  
t ime can be reduced t o  l e s s  than  one hour per  sample. Furthermore, EDXRF has an 
added fea tu re  i n  t h a t  i t  may be automated, l ead ing  t o  even s h o r t e r  a n a l y s i s  t imes  
per sample. Thus, EDXRF can be concluded t o  be an e f f e c t i v e  t o o l  t h a t  can p rov ide  
very accurate and r a p i d  analyses o f  coa ls  and SRC product  f o r  t h e i r  elemental con- 
t e n t .  
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TABLE 1 

Comparison o f  EOXRF t o  Atomic Absorpt ion and Leco S u l f u r  

Known 
Coal XRF A.A. Leco Value 

Western Kentucky 

Wyodak 

I l l i n o i s  #6 

Fe 
S 

Fe 
S 

Fe 
S 

P i t t s b u r g  #8 
Fe 
S 

Mon t e r r e v  
F< 
S 

Rosebud 
Fe 
S 

Bighorn 
Fe 
S 

Standards 
Fe 
S 
S 

0.697 
2.24 

0.265 
0.637 

0.629 
2.76 

0.561 
2.22 

1.165 
3.07 

0.466 
0.976 

0.267 
0.582 

0.1072 
1.995 
0.301 

0.800 

0.247 

0.526 

0.615 

0.732 

0.270 

0.216 

0.937 

2.56 

0.764 

2.45 

2.87 

3.24 

1.04 

0.620 

0.1000 
2.22 2.02 
0.278 0.31 
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TABLE 2 

EDXRF Analysis o f  SRC and Coal 

w t . %  
Element A B C D E F 

Si 1.612 1.813 2.097 
P 0.0755 0.183 0.0657 0.186 0.0840 0.251 
S 0.723 2.24 1.04 2.22 0.755 2.76 
c1 
K 
Ca 
T i  
v 
Cr 
Mn 
Fe 
Ni 
cu 
Zn 
As 
Br 

0.0097 0.0177 
0.001 0.0977 
0.0087 0.081 7 
0.0092 0.0383 
0.0037 0.0089 

0.0036 
0.0018 0.0022 
0.0427 0.697 
0.0002 0.0010 
0.0003 0.0012 . . . ~ ~ .  ... ~ 

0.0005 ' 0.0013 
0.0001 0.0008 
0.0002 0.0003 

0.0053 

0.0144 
0.0088 
0.0049 
0.0026 
0.0008 
0.0191 
0.0008 
0.0006 
0.0007 
0.0002 
0.0004 

0.105 
0.100 
0.910 
0.0537 
0.0099 
0.0025 
0.0043 
0.561 
0.0038 
0.0028 
0.0038 
0.0005 
0.0009 

0.112 
0.0024 Oil48 
0.0178 0.0549 
0.0036 0.0149 
0.0023 0.0058 
0.0026 0.0048 
0.0199 0.629 
0.001 0' 0.0020 
0.0014 0.0017 
0.0006 0.0015 
0.0001 0.0006 
0.0003 0.0005 

Sr 0.0014 0.0132 0.0014 

A Western Kentucky SRC 
B Western Kentucky 9/14 Coal 
C P i t t sburg  #8 SRC 
D Pi t t sburg  #8 Coal 
E I l l i n o i s  #6 SRC 
F I l l i n o i s  #6 Coal 
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TABLE 2 CONTINUED 

EOXRF Analysis of SRC and Coal 

w t . %  
Element G H I J K 1 

Si 1.073 0.1021 
P 0.0306 0.143 0.0953 
S 0.152 0.6371 1.172 
c1 0.0036 0.0536 
K 
Ca 
Ti 
v 
Cr 
Mn 
Fe 
N i  
c u  
Zn 
AS 
Br 
S r  

0.0162 
0.0078 
0.0023 
0.0017 
0.0012 
0.0228 
0.0013 
0.0017 
0.0005 
0.0001 

0.0001 

0.0310 0.0040 
0.858 0.0022 
0.0585 0.0133 
0.0353 0.0034 
0.0033 
0.0031 
0.2615 0.0450 
0.0006 
0.0056 0.0010 
0.0020 0.0004 
0.0004 0.0001 
0.0002 0.0004 
0.0137 0.0007 

Wyodak (Amax) SRC 
Wyodak (Amax) Coal 
I l l i n o i s  (Monterrey) SRC 
I l l i n o i s  (Monterrey) Coal 
Rosebud Coal 
Big Horn Coal 

2.578 
0.2193 
3.070 
0.241 
0.1245 
0.2750 
0.0617 
0.0104 
0.0090 
0.0087 
0.1651 
0.0015 
0.0201 
0.0016 
0.0006 
0.0005 
0.0013 

0.821 
0.122 
0.976 
0.106 
0.0266 
0.557 
0.0352 
0.0124 
0.0110 
0.0063 
0.466 
0.0019 
0.0017 
0.0004 
0.0003 
0.0008 
0.0088 

0.903 
0.101 
0.582 

0.0204 
0.473 
0.0511 

0.0041 
0.0025 
0.2667 
0.0014 
0.0058 
0.0013 
0.0005 
0.0001 
0.0074 

1 
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FIGURE 1 
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